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Abstract
P-odd correlations in the deuteron photodesintegration are considered. The pi-meson
exchange is not operative in the case of unpolarized deuterons. For polarized deuterons a
P-odd correlation due to the pi-meson exchange is about 3× 10−9. Short-distance P-odd
contributions exceed essentially than the contribution of the pi-meson exchange.
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1 Introduction
In the past few years discussions about measuring of cross-section asymmetry in the deuteron
photodisintegration with polarized photons becomes very popular according to the experimental
progress: creating intense sources of polarized photons, electrons, and neutrons. On the other
side, theoretical treatments of deuteron are relatively reliable due to the small bound energy.
One may hope that they will resolve a contradiction between experiments with 133Cs and other
nuclear experiments which exists at present [1..6].
The theoretical studies parity nonconservation effects in the deuteron were started in [7-11].
The electron-deuteron scattering was investigated in [11-13]. However in this process the effect
of the nuclear parity violation is masked by neutral currents. Numerical estimates of this effect
were made in [14-16]. Desintegration of deuterons by polarized photons were considered in
[16-21]. The point is that the nuclear anapole moment (AM) of 133Cs was recently discovered
and measured with good accuracy in atomic experiment [1]. The result of this experiment is
in a reasonable quantitative agreement with the theoretical predictions, starting with [2, 3], if
the so-called “best values” [4] are chosen for the parameters of P-odd nuclear forces. But as
it is shown in the paper [6], the contribution to the total cross-section asymmetry due to the
pi-meson exchange vanishes. The contribution of vector meson exchange is essential, and gives
the maximal magnitude for asymmetry 10−7. However the vector meson (ρ, ω) exchange has the
typical range rV ∼ 1/mV ∼ 0.25fm, that is less than the nucleon size 0.86fm. So because of
unreliable theoretical estimates this contribution is not so interesting. Thus it is interesting to
consider polarized deuterons photodisintegration. We make all of calculations in the potential
model. It is legitimate since the typical range of interaction 1/mpi is essential more than the
experimental nucleon size.
We use in present paper the deuteron wave function in the zero range approximation.
ψσd =
√
κ
2pi (1− κ rt)
e−κ r
r
χσ, (1)
where χσ is a spin wave function.
It is, strictly speaking, inconsistent, but this function fails only at the small range and
give us the correct behavior if the radius is much more than the effective radius of the triplet
state r >> rt. Matrix element of the electric dipole transition does not depend on function
behavior at small range and we may use the zero range approximation for its calculation. As
to the magnetic dipole transition or for the weak potential matrix element the situation is
worse because of a sensitivity to the small range contribution their operators. Let us mention
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that this function does not satisfy to the normalization condition with the correction factor
√
1− κ rt and if we wish to make calculations sensitive to the small range with this function
we must modify it for the right normalization. It is easy to understand that we must neglect
√
1− κ rt [22].
2 Amplitudes calculation
The operators of electric dipole and magnetic dipole transitions are [22]
HE1 = −i e
√
2 pi ω ne
r
2
,
HM1 = −i e
2m
√
2 pi ω (µpσp + µnσn +
l
2
)
k× e
k
. (2)
Where rp and lp are proton coordinate and momentum, e and k are polarization and mo-
mentum of photon. Now we may calculate the amplitude of the regular electric dipole transition
in the deuteron photodesintegration. The initial state is the deuteron wave function ψd. It is
obviously that final state is continuous p-wave. Further, we may write in amplitude a plane
wave instead of p-wave, since E1-transition selects by itself only p-state from the plane wave.
Then the amplitude is
AE1 = −2 e
√
2 pi ω
√
2 pi κ
pe√
1− κ rt(κ2 + p2)2
. (3)
Due to the weak parity nonconservation interaction, the initial deuteron s-wave has mixture
of the p-wave, and the final p-wave has mixture of the s-wave. Thus mixing M1 transitions via
intermediate states becomes possible.
Parity nonconservation pi-meson exchange potential may be written in the following form
[23]
V = −i gg
4 pim
(σp + σn)∇
e−mpi r
r
. (4)
Then we may write the total amplitude of transition
A = 〈p, σ′ | HE1 | ψd, σ〉+
∑
n
〈p, σ′ | HM1 | n〉〈n | V | ψd, σ〉
Ed − En
2
+
∑
n
〈p, σ′ | V | n〉〈n | HM1 | ψd, σ〉
Ep − En . (5)
Let us consider the second expression of the (5) and calculate transition from the deuteron
into an intermediate state due to the weak interaction. As it was mentioned above the p state
my be written as a plane wave
ψ(p) = eip r | χσ〉.
Then this transition is
〈p, σ′′ | V | ψd〉 = −i gg
4 pim
〈χσ′′ | (σp + σn) | χσ〉
√
κ
2 pi
∫
e−ik r∇(
e−mpi r
r
)
e−κ r
r
dr. (6)
Simple calculations leads to the following expression for the weak transition
√
κ
2 pi
g g
k m
〈χσ′′ | p (σp − σn) | χσ〉f(p). (7)
Here f(p) is
f(p) =
1
2
[
mpi − κ
p
(
1− mpi + κ
p
arctan
p
mpi + κ
)
+ arctan
p
mpi + κ
]
. (8)
Now one may consider M1 transition in the second term (5)
〈p, χσ′ | HM1 | k, χσ′′〉 = −i (2 pi)3 e
2m
√
2 pi ω[nk × e]
〈σ′ | (µpσp + µnσn − ip×∇p
2
) | σ′′〉δ(k− p). (9)
Then the second term in after summarize over all of intermediate states (momentum and
spin) give us the following expression
i
e g g f(p)
√
2pi ω
2 pm (κ2 + p2)
√
κ
2 pi
[nk × e]〈χσ′ | (µpσp + µnσn − i [p× ∇p]
2
)p(σp + σn) | χσ〉. (10)
Here we used the known completeness relation
∑
σ
| χσ〉〈χσ |= 1
3
to summarize over all of intermediate spin states.
Because of the orthogonality of radial s-functions in the last term of the formula (5) inter-
mediate state n must be only the deuteron state. That’s why the angular momentum operator
is not operative here. After lengthy calculations we obtain the result
−i g g f(p)
√
2pi ω
2 pm (κ2 + p2)
√
κ
2 pi
[nk × e] 〈χσ′ | p(σp + σn)(µpσp + µnσn) | χσ〉 (11)
Then for the total amplitude after summarize of two terms we find
A = −2 e
√
2 pi ω
√
2 pi κ
pe√
(1− κ rt)(κ2 + p2)2
δσσ′
+i
e g g f(p)
√
2pi ω
2 pm (κ2 + p2)
√
κ
2 pi
[nk × e] 〈χσ′ | (µpσp + µnσn) p(σp + σn)− p(σp + σn) (µpσp + µnσn) | χσ〉
+
e g g f(p)
√
2pi ω
2 pm (κ2 + p2)
√
κ
2 pi
[nk × e] 〈χσ′ | [p× ∇p]
2
p(σp + σn) | χσ〉 (12)
3 Differential and total cross-sections
The differential cross section depends on amplitude as
d σ
dΩ
=
pm
8 pi2
| A |2 . (13)
Then we have
(
d σ
dΩ
)
=
1
3
∑
σ
2e2κp | pe |2
(1− κ rt)(κ2 + p2)3 −
i
3
∑
σ
egg κ f(p) (pe∗) [n× e]
2pi
√
1− κ rtm (κ2 + p2)2
〈χσ | 2(µp + µn) (I (pI)− (pI)I)− i[p× I] | χσ〉.
It is obviously, the parity violation contribution to the cross-section is proportional to the
average spin of the initial (unpolarized) deuteron. Thus the pi-meson exchange does not operate
here. This fact for the total cross-section was mentioned in the present paper [6].
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Now we are interesting in polarized deuterons and unpolarized photons. Then after easy
treatment one may obtain the total expression for the differential cross-section
(
d σ
dΩ
)
tot
=
(
d σ
dΩ
)
E1
+∆
d σ
dΩ
, (14)
where
d σ
dΩE1
= e2
κ p (p2 − (pn)2)
(1− κ rt)(κ2 + p2)3 (15)
is a ordinary expression for the electric dipole desintegration of the deuteron. And
∆
d σ
dΩ
= − e
2 g g κ p2 f(p)
2 pim
√
1− κ rt (κ2 + p2)2
(
µp + µn − 1
2
) (
nI − Ipnp
p2
)
(16)
is a correction to the regular differential cross section due to the pi-meson exchange.
Now it is easy to integrate this result over angles and find the total cross-section
σ =
8 pi e2 κ p3
3 (1− κ rt)(κ2 + p2)3 −
4 e2 g g κ p2 f(p)
3m
√
1− κ rt (κ2 + p2)2
(
µp + µn − 1
2
)
nI. (17)
4 Vector meson exchange
Unfortunately, the pi-meson contribution into the amplitude is not dominating. There are
also vector-meson (so called short-distance) contributions of two types. The first of them is
dominating near the threshold and the second one has the similar form as the pi-meson exchange.
These contributions may not be reliably calculated with good accuracy as it was mentioned
above. But we use the potential model to estimate their magnitudes. It is important to
understand the relation between cross-section correction due to the pi-meson exchange and the
vector meson one.
We mean the Jastrov repulsion between nucleons at small distance [6],[24] to obtain wave
function mixtures. According to the paper [12] we use perturbative deuteron wave function in
the following form
δψd = −iλt(Σ∇)
√
κ
2 pi
e−κ r
r
. (18)
Admixtures to the s and p-waves of the continuous spectrum are
5
δψs = i
αs
1 + i p αs
λsΣ∇
(
ei p r
r
)
,
δψp = −λs αs
1 + i p αs
Σp
ei p r
r
. (19)
Here αs is a triplet scattering length, Σ = σp − σn, λt and λs are [6]
λs = (0.028h
0
ρ − 0.023h2ρ + 0.028h0ω)× 10−7m−1pi = −0.16 × 10−7m−1pi ,
λt = (0.032h
0
ρ + 0.001h
0
ω)× 10−7m−1pi = −0.37× 10−7m−1pi . (20)
Let us now consider the regular E1-transition from the deuteron into the p-wave of the
continuous spectrum. Due to wave function admixtures, the nonzero M1-transition appears.
It’s straightforward calculation using the wave functions (18,19) give us the total amplitude
A = −2 e
√
2 pi ω
√
2 pi κ
pe√
1− κ rt(κ2 + p2)2
δσ′σ − i e
2m
√
2 pi ω
√
2 pi ω(µp − µn)
(
λt
κ2 + p2
〈χσ′ | Σ [n× e] Σp | χσ′〉 − αs λs
(1− i p αs)(κ+ i p)〈χ
σ′ | ΣpΣ [n× e] | χσ〉
)
. (21)
If we are not interesting in photon’s polarization effects we may average over all of them.
Then for the correction to the differential cross-section we have
∆
d σ
dΩ
=
κ e2 (µp − µn)p3
m
√
1− κ rt (κ2 + p2)2
[(
λt + αs
(κ+ p2 αs)
1 + p2 α2s
λs
)
(In− Ipnp
p2
)+
λs
αs
p
1− καs
1 + p2 α2s
(pI [n× p]I+ I[n× p]pI)
]
(22)
and for the total cross-section
∆σ =
8 piκ e2 (µp − µn)p3
3m
√
1− κ rt (κ2 + p2)2
(
λt + αs
(κ+ p2 αs)
1 + p2 α2s
λs
)
In. (23)
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5 Short-distance contribution near the threshold
Now we consider the photodesintegration near the threshold. Here the magnetic dipole transi-
tion 3S1 →1 S0 is dominating. This transition does not conserved the total spin. However, the
total spin is conserved in the admixed E1-transition. Therefore only the vector meson exchange
(which does not conserve spin too) operates.
All the calculations are very easy and the result for the amplitude is
A = −i e
2m
√
2 pi ω
√
2 pi κ(µp − µn) 1− καs
(1− i p αs) (κ2 + p2) Σ [n× e] +
e
√
2 pi ω
√
2 pi κ
3
(λt It + λs Is)Σe. (24)
Here It and Is are radial integrals
It =
3κ2 + p2
(κ2 + p2)2
− αs (2κ+ i p)
(1− i p αs) (κ+ i p)2 ,
Is =
κ+ 2 i p
(1− i p αs) (κ+ i p)2 . (25)
One may obtain the differential cross-section after a simple algebra
d σ
dΩ
=
κ e2 (µp − µn)2 (1− καs)2 p
4m2 (1 + p2 α2s) (κ
2 + p2)2
(In)2+
κ e2 (µp − µn) (1− καs) p
3m (1 + p2 α2s)
3 κ2 + p2
(κ2 + p2)2
×
(λt (1− 2αs κ
3
3 κ2 + p2
) + καs λs
κ2 + 3 p2
3κ2 + p2
)nI. (26)
The total cross-section is
σ =
piκ e2 (µp − µn)2 (1− καs)2 p
m2 (1 + p2 α2s) (κ
2 + p2)2
(In)2+
4piκ e2 (µp − µn) (1− καs) p
3m (1 + p2 α2s)
3 κ2 + p2
(κ2 + p2)2
×
(λt (1− 2αs κ
3
3 κ2 + p2
) + καs λs
κ2 + 3 p2
3κ2 + p2
)nI. (27)
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Figure 1: E1 regular transition. The pi-meson contribution into ∆σ.
6 Conclusion
We write the total cross-section as
σ = σE1 + σM1 +∆σpi +∆σV 1 +∆σV 2,
σE1 =
8 pi e2 κ p3
3 (1− κ rt)(κ2 + p2)3 ,
σM1 =
piκ e2 (µp − µn)2 (1− καs)2 p
m2 (1 + p2 α2s) (κ
2 + p2)
(In)2,
∆σpi =
4 e2 g g κ p2 f(p)
3m
√
1− κ rt (κ2 + p2)2
(µp + µn − 1
2
)In,
∆σV 1 =
8 piκ e2 (µp − µn)p3
3m
√
1− κ rt (κ2 + p2)2
(λt + αs
(κ+ p2 αs)
1 + p2 α2s
λs) In,
∆σV 2 =
4piκ e2 (µp − µn) (1− καs) p
3m (1 + p2 α2s)
3 κ2 + p2
(κ2 + p2)2
(
λt (1− 2αs κ
3
3 κ2 + p2
) + καs λs
κ2 + 3 p2
3κ2 + p2
)
In.
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Figure 2: E1 regular transition. The vector-meson contribution into ∆σ.
Figure 3: M1 regular transition. The vector-meson contribution into ∆σ.
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Let us estimate now results and their precisions. We accord to the ”so called” best values
of weak constants (supported by the experimental result for the 133Cs anapole moment [1]).
Then the weak piNN constant is
g = 3.3 × 10−7.
Correction to the total cross-sections (there nI = 1) are plotted in figures. Let us talk
now about the pi-meson (Fig.1) and the vector-meson (Fig.2) contributions to the regular E1-
transition. Unfortunately, the vector meson contribution is dominating here and it is more
than the pi-meson one of a factor 2 in the main region of energies. The accuracy of the vector
meson exchange is too bad as it was mentioned above because of the unreliable calculations
at the small range. But the main error we have in a calculation of λt, λs constants. Our
calculations of these constants with and without Jastrow repulsion discrepancies of the factor
less than 1.7. So, we may expect that the accuracy of this result is about 40% for given
parameters of weak constants. The precision of the pi-meson one is 20%. The last estimate
one may obtain via comparison of two results of the pi-meson contribution with the zero range
approximation function and with model function [23]. We obtain that the magnitude of ∆σpi/σ
is about 0.3×10−9 that is essentially less than the maximal magnitude due to the vector meson
exchange.
The maximal magnitude has the vector meson contribution to the magnetic dipole regular
transition (Fig.3), which relative magnitude ∆σ/σ is about 4 × 10−8. The accuracy is again
40%.
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